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This supplementary material contains in sequences: 
 
• Supplementary Text 1: Estimating uncertainties of ΦVDSS and TVDSS. 
 
• Supplementary Table 1: Information of Grade A and B events recorded at YKW3 
 
• Figure S1: Constraining Moho depth and Vpum using synthetic data with 10% white noise. 
• Figure S2: Distribution of Vpum derived from random simulations of noisy synthetic SsPmp 
waveforms. 
• Figure S3: Uncertainty estimation for ΦVDSS. 
• Figure S4: Constraining Moho depth, Vpav and Vpum using synthetic data with 10% white noise. 
• Figure S5: PRF observations for EDZN. 
• Figure S6: Effects of data selection on estimated Moho depth, Vpav and Vpum, for real data. 
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• Supplementary Text 1: Estimating uncertainties of ΦVDSS and TVDSS. 
 
 After computing the normalized misfit (m) between our synthetic and observed SsPmp 
waveforms as a function of applied phase shift Φ, we compute the second-order derivative of m 
with respect to Φ (curvature of the m-Φ curve) at the minima. We then use 0.025 normalized 
misfit as our uncertainty in m (denoted dm), as it is approximately half of the minimum misfit we 
can get in an ideal setting (Fig. 4d). The variance of our best-fit Φ (Φbest) is subsequently given 
by: 𝜎"# = 2d𝑚/𝜕#𝑚𝜕Φ#	 
We then take sF as the uncertainty of ΦVDSS (Fig. S3). Since for each Φ we can find a 
corresponding T with cross-correlation, the uncertainty of TVDSS is also determined. 
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Supplementary Table 1: Information of Grade A and B events recorded at YKW3 
 
Event number Grade Origin time Distance (º) Depth (km) Ray parameter (s/km) 
1 B 2003-272-02-36-55 57.8 41 0.1177 
2 B 2004-190-10-30-47 51.0 123 0.1238 
3 A 2009-344-02-30-52 45.6 653 0.1247 
4 A 2013-274-03-38-21 45.7 578 0.1253 
5 A 1995-180-07-45-09 48.5 56 0.1267 
6 A 1999-188-18-52-58 47.7 41 0.1275 
7 B 2002-028-13-50-31 47.6 53 0.1276 
8 A 2010-211-03-56-14 43.5 30 0.1315 
9 A 2005-207-12-17-12 43.1 30 0.1318 
10 A 2004-162-15-19-56 41.1 187 0.1327 
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Figure S1. The same as Fig. 4, but computed using synthetic data with 10% band-limited white 
noise (0.05–0.5 Hz). Note the significantly biased Vpum and Moho depth estimations in (c), 
highlighting the importance of incorporating observations from multiple events.  
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Figure S2. Distribution of Vpum derived from 100 random simulations of noisy synthetic SsPmp 
with p = 0.128 (black) and 0.136 s/km (white). The overlapping part between the two distribution 
is gray. Black and white lines mark the mean Vpum for p = 0.128 and 0.136 s/km respectively. 
Note that despite the deviation of individual measurements from the true Vpum (red dot), no 
systematic bias exists for mean Vpum in either case. 
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Figure S3. ΦVDSS uncertainty estimation for Event 6 recorded at YKW3 (see Fig. 9d). Black 
curve: normalized misfit as a function of phase shift. Gray curve: The quadratic function used to 
fit the misfit function around its minima, from which the uncertainty of ΦVDSS is computed. 
 
 
 
 
 
 
 
 
 
 
 
0.0
0.2
0.4
0.6
08102106
Phase shift  (º)
No
rm
ali
ze
d 
m
isf
it
mmin
mmin + dm
Φbest Φbest+σΦΦbest-σΦ
Event 6
Preprint of manuscript in review with Geophysical Journal International 
 
 
Figure S4. The same as Fig. 5, but computed using synthetic data with 10% band-limited white 
noise (0.05–0.5 Hz). Note the reasonably recovered Moho depth, Vpav and Vpum despite the 
addition of noise. 
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Figure S5. PRF observations for EDZN. We use Vpav = 6.7 km/s, an average crustal Vp/Vs = 1.75 
and a Moho depth of 38 km to compute the reference arrival times. (a) Distribution of the 73 
events used for PRF analysis. (b) Radial-component PRFs of the events in (a) sorted by back 
azimuth. The predicted arrival times are computed using a reference p = 0.06 s/km. (c) Same as 
(b), but sorted by p. (d) Transverse-component PRFs of the events in (a) sorted by back azimuth. 
The green dashed line marks a negative converter that may correspond to the H convertor in 
Bostock (1998). (e) The same as (d), but sorted by p. 
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Figure S6. Effects of data selection on estimated Moho depth H, Vpav and Vpum at YKW3. (a) The 
same as Fig. 9e, but with different event groups and the corresponding best-fit models for H and 
Vpav. Note that the inclusion of data points with small ray parameter significantly increases 
estimated H and Vpav.  (b) The same as Fig. 9f, but with different event groups. We also plot 
theoretical ΦVDSS-p curves with Vpum higher than the ones in Fig. 9f for reference.  
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